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18F-FDG PET-CT AND MRI CO-REGISTERED KNEE ASSESSMENT AFTER
ACL TRANSECTION IN AN IN VIVO CANINE MODEL
M. Menendez, D. Clark, K. Binzel, B. Hettlich, M. Knopp. The Ohio State
Univ., Columbus, OH, USA
Purpose: Osteoarthritis (OA) is characterized by degradation and loss of
articular cartilage, and remodeling of underlying bone. Currently, con-
ventional radiography is the standard method for diagnosis and eval-
uation of severity of OA. It provides only indirect assessment of the
articular cartilage, and it takes a couple of years to detect cartilage loss.
Magnetic resonance imaging (MRI) can clinically assess articular carti-
lage volume and thickness in any plane and brings excellent soft tissue
contrast. Positron emission tomography (PET) using 2-deoxy-2-[18F]-
ﬂuoro-D-glucose (FDG) reﬂects glucose metabolism and can detect
inﬂammation. FDG PET can demonstrate the site of synovitis and bone
marrow lesions associated with OA. The aim of this study was to assess
FDG uptake of the knee in an in vivo anterior cruciate ligament trans-
ection (ACLT) canine model using PET/CT and MRI co-registration.
Methods: Five skeletally mature Beagles underwent ACLT in one knee
via arthroscopy, the contralateral knee served as control. Before, 3, 6
and 12 weeks after ACLT, under general anesthesia, the dogs underwent
PET/CT and MRI. MRI was performed using a 3 Tesla MRI body system
(Achieva, Philips Healthcare, Cleveland, Ohio) with an 8-channel coil.
An axial proton density turbo spin-echo SPIR (TE¼15 ms TR¼ 2.1s, ﬂip
angle 90 slice thickness¼ 2mm FOV 115mm) and a sagittal proton
density turbo spin-echo fat saturated (TE¼45ms TR¼ 2.2s Flip angle 90,
slice thickness 2mm FOV¼ 88 mm) were acquired. For the PET/CT, FDG
was injected (3 mCi) and PET/CT was performed using a Philips Gemini
TF 64 PET-CT system (Cleveland, Ohio). CT was acquired with 120KVp,Figure 1. Shows PET-MRI co-registration from the lateral femoral condyle
FDG 3D-ROIs traced at baseline (A), 3 (B), 6 (C) and 12 (D) weeks after
ACLT. Higher Mean SUV is shown at 3 weeks in comparison with baseline,
6 and 12 weeks. From left to right, axial, sagittal and coronal views are
displayed.163mAs and 4mm slice thickness, 90 seconds per bed position. TheMRI
was co-registered with the PET using the Philips IntelliSpace Portal and
three dimensional regions of interest (ROIs) were traced manually in
the medial and lateral femoral condyles and tibial plateau, meniscus
and posterior cruciate ligament (PCL) to assess standard uptake value
(SUVs) means. Outcome measurements included: posterior cruciate
ligament (PCL), medial femoral condyle (MFC), lateral femoral condyle
(LFC), medial tibial plateau (MTP), lateral tibial plateau (LTP) medial
meniscus (MM) and lateral meniscus (LM) mean standardized uptake
values (SUVs). Statistical analyses were performed using SPSS version
22. Including independent sample t-test for comparisons of the ACLT
knee and the control knee and ANOVA for the comparison among
timelines. In all tests, an effect was considered to be signiﬁcant if the P-
value is less than 0.05.
Results: At 3 weeks, PCL and MM mean SUVs were higher in the ACLT
knees than the control knees (P<0.05). At 6 and 12 weeks, PCL, MFC,
LFC, MTP, LTP, LM and MM mean SUVs on the ACLT knees were higher
than the control knees (P<0.05). At 3 weeks, MFC, LFC, MTP, LTP, LM and
MMmean SUVs were signiﬁcantly higher than baseline, 6 and 12 weeks
(P< 0.05). For PCL, mean SUV at 3 weeks was higher than baseline and 6
weeks (P<0.05) (Figure 1).
Conclusions: The higher FDGmean SUVs showed inMFC, LFC, MTP, LTP,
LM and MM in comparisonwith baseline, 6 and 12 weeks are indicative
of acute metabolic alterations occurred after the ACL transection.
Higher FDG mean SUVs at 6 and 12 weeks were found on the ACL knee
structures (PCL, MFC, LFC, MTP, LTP, LM and MM) versus the control
knees, reﬂecting higher inﬂammation and metabolic changes in the
injured knees over time. FDG uptake of the knee in an in vivo anterior
cruciate ligament transection (ACLT) canine model using PET/CT and
MRI co-registration demonstrated to be highly sensitive in detection of
metabolic alterations in different structures comprising the knee joint.
Thus, FDG uptake appeared to be a potential biomarker for an early OA
diagnosis, prior to the expression of gross changes in cartilage, as well as
OA assessment over time.
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F-18-SODIUM FLUORIDE (NAF) PET-CT AND CO-REGISTERED MRI
KNEE ASSESSMENT AFTER ACL TRANSECTION IN AN IN VIVO
CANINE MODEL
M. Menendez, D. Clark, K. Binzel, B. Hettlich, M. Knopp. The Ohio State
Univ., Columbus, OH, USA
Purpose: Structural and metabolic changes in subchondral bone may
play roles in the pathophysiology of osteoarthritis (OA) and even may
precede cartilage degeneration in some models. OA osteoblasts have
been shown to alter their expression of growth factors and signaling
cytokines, modifying the phenotype of chondrocytes, and degrading OA
cartilage matrix. Communication pathways between subchondral bone
and cartilage have been described suggesting mechanisms by which
osteoblast derived cytokines could contribute to articular cartilage
breakdown and joint inﬂammation. F-18-Sodium Fluoride (NaF) PET
allows noninvasive assessment of regional bone formation. Measure-
ments of the rate of uptake of tracer into bone reﬂect the amount of
actively mineralizing bone present, and the aspect of bone turnover
being studied relates to the recent level of osteoblastic activity. The aim
of this study was to assess NaF uptake of the knee in an in vivo anterior
cruciate ligament transection (ACLT) canine model using PET-CT and
MRI co-registration.
Methods: Five skeletally mature Beagles underwent ACLT in one knee
via arthroscopy, the contralateral knee served as control. Before, 3 and
12 weeks after ACLT, under general anesthesia, the dogs underwent
PET-CT and MRI. MRI was performed using a 3 Tesla MRI body system
(Achieva, Philips Healthcare, Cleveland, Ohio) with an 8-channel coil.
An axial proton density turbo spin-echo SPIR (TE¼15 ms TR¼ 2.1s, ﬂip
angle 90 slice thickness¼ 2mm FOV 115mm) and a sagittal proton
density turbo spin-echo fat saturated (TE¼45ms TR¼ 2.2s Flip angle 90,
slice thickness 2mm FOV¼ 88 mm) were acquired. For the PET-CT, NaF
was injected (3 mCi) and PET/CT was performed using a Philips Gemini
TF 64 PET-CT system (Cleveland, Ohio). CT was acquired with 120KVp,
163mAs and 4mm slice thickness, 90 seconds per bed position. TheMRI
was co-registered with the PET using the Philips IntelliSpace Portal and
three dimensional regions of interest (ROIs) were traced manually in
the medial and lateral femoral condyles and tibial plateau, meniscus
and posterior cruciate ligament (PCL) to assess standard uptake value
(SUVs) means. Outcome measurements included: posterior cruciate
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(LFC), medial tibial plateau (MTP), lateral tibial plateau (LTP) medial
meniscus (MM) and lateral meniscus (LM) mean standardized uptake
values (SUVs). Statistical analyses were performed using SPSS version
22. Including independent sample t-test for comparisons of the ACLT
knee and the control knee and ANOVA for the comparison among
timelines. In all tests, an effect was considered to be signiﬁcant if the P-
value is less than 0.05.
Results: At 12 weeks, PCL, MFC, LFC, MTP, LTP, LM and MM mean SUVs
on the ACLT knees were higher than the control knees (P<0.05). At 12
weeks, MFC, LFC, MTP, LTP, LM and MM mean SUVs were higher than
baseline (P< 0.001).Figure 1 and 2.
Conclusions: The higher NaF mean SUVs showed in MFC, LFC, MTP, LTP,
LM and MM at 12 weeks in comparison with baseline are indicative of
decreased perfusion from baseline until 12 weeks. Following by a highly
signiﬁcant bone formation (osteophytes). It is not until 12 weeks thatFigure 1. Shows NaF uptake on the ACLT knee in a whole body NaF PET-CT
scan 12 weeks post ACLThigher mean SUVs are detected in the ACLT knees versus the control
knees. This ﬁnding may be indicative of bone turnover and abnormal
bone metabolism. NaF uptake of the knee in an in vivo anterior cruciate
ligament transection (ACLT) canine model using PET-CT and MRI co-
registration demonstrated to be highly sensitive in detection of perfu-
sion and metabolic alterations in different structures comprising the
knee joint. Thus, NaF uptake appeared to be a potential biomarker for
bone turnover in early OA diagnosis, as well as in OA assessment over
time.
Figure 2. Shows PET-MRI co-registration from the lateral femoral condyle
3D-ROIs (yellow circles) traced at baseline (A) with a mean SUV¼0.52, and
at 12 weeks (B) after ACLT with a higher mean SUV¼ 6.9. From left to
right, axial, sagittal and coronal views are displayed.
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MICRO-CT BONE STRUCTURE EVALUATION IN THE POND-NUKI DOG
MODEL
M. Menendez, M. Williams, D. Clark, B. Hettlich, M. Knopp. The Ohio
State Univ., Columbus, OH, USA
Purpose: Osteoarthritis (OA) is the most common form of arthritis. OA
is most prevalent in the elderly, and about 50% of adults aged 65-75
years and almost 70% of those 75þ years suffer from this disease.
Whether the trabecular changes of the bone precede or follow the
changes in the cartilage is unknown, but the bony changes are con-
sidered necessary for the progression of OA. The purpose of this study
was to quantitatively analyze the trabecular bone in the anterior cru-
ciate ligament transection (ACLT) Pond-Nuki dog model.
Methods: Five skeletally mature Beagles underwent ACLT in one knee
via arthroscopy, the contralateral knee served as control. At 12 weeks
the dogs were euthanized and the distal femur and proximal tibia were
harvested. MicroCT analysis was performed on the trabecular bone in
the distal femur, 2.5 mm distal from the growth plate and for the tibia,
distal to the ﬁbula. Inveon microPET and microCT (Siemens Preclinical,
Knoxville, TN) system was used, using 50 um resolution, 80kV 500uA,
360 projection, full rotation cone beam. Histomorphometric analyses
were performed on the trabecular bone using IAW 2.0 analysis software
and BMD running on RATOC TRIB. Outcome measurements included:
bone mineral density (BMD), trabecular bone volumetric density (BV/
TV), trabecular thickness (Tb Th), trabecular number (Tb N), trabecular
separation (Tb Sp) and structure model index (SMI). Statistical analyses
were performed using SPSS version 22. Including independent sample
t-test for comparisons of the ACLT knee and the control knee. In all tests,
an effect was considered to be signiﬁcant if the P-value is less than 0.05.
Results: Bonemineral density, BV/TV, Tb Th and SMI in the ACLT femurs
were higher than the controls. Tb N and Tb Sp were not signiﬁcantly
different. For the tibia, SMI was higher in the ACLT knees than the
controls, all the trabecular parameters and BMD were no signiﬁcantly
different (Figure 1).
Conclusions: The trabecular bone in the femurs that underwent ACLT,
showed decreased BMD, BV/TV and Tb Th, with an increased SMI. This
correlates well with an increased state of bone turnover, without
changing the number of trabeculae. It may be that the trabeculae are
remodeled with increased bone loss and formation, resulting in less
dense trabeculae. These results may suggest that in early OA, there
